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systems are capable to detect small concentrations of substances and allow to register the added mass with an 
accuracy less than one attogpamm (10-18 g) (the mass of a virus amounted to several attogramms) [Singamaneni et 
al. (2008)]. 
Cantilevers are used in two modes, called as the static-mode and the dynamic-mode. Sensing biomolecular 
interactions in the static-mode relies on binding induced changes in the cantilever deflection caused by differential 
surface stress. The implementation of the static mode is the most simple. On the other hand, sensing in the dynamic-
mode relies on binding-induced changes in cantilever resonant frequency caused by mass-change or stiffness change 
[Johnson et al. (2008)]. The dynamic method allow to real time measure of mass changes.  
There are various methods for measuring natural frequency of cantilever vibration.  Interferometry is highly 
sensitive technic [Gupta et al. (2012)]. However, due to their high sensitivity, the interferometers are open to an 
influence of external impacts such temperature drift, industrial noise, etc. Moreover, classical homodyne 
interferometers are very sensitive to a quality of probe beam. The last issue makes difficult (or even impossible) 
practical use of interferometers in application where probe beam is reflected/scattered from micro-scale objects, 
which drastically perturb wavefront of probe beam. The problem could be solved if an adaptive interferometer based 
on using dynamic hologram continuously recorded in photorefractive crystal will be used instead of classical 
interferometer [Stepanov (1991)]. Due to adaptive properties of a dynamic hologram, such an interferometer can 
stably operate in industrial environment and also with light waves having complex and completely different wave 
fronts. 
In this work, we present preliminary experimental result of applying adaptive interferometry technique based on 
dynamic holograms recorded in photorefractive crystal for measurement of molecule mass and concentration. 
2. Experimental setup and results 
The scheme of the system is shown in Fig. 1. The sensitive element of the system is a chitosan coated cantilever.  
The cantilever has dimensions of 250 × 40 × 15 μm and a natural frequency of 179 kHz. Chitosan film of 150 nm in 
thickness was deposited on the one surface of the cantilever by spin coating system Chemat Technology Spin-Coater 
KW-4A [Mironenko et al. (2014)]. Ability of chitosan to sorb a variety of organic and inorganic substances (metal 
ions, saturated hydrocarbons, soluble organic substances, etc.) provide a sensitivity of the measurement system to 
changes in concentration of these substances. Natural oscillations of the cantilever are excited by laser pulses with a 
wavelength of 532 nm, duration of 7 ns, energy of 0.5 mJ. Cantilever vibrations with durations of 2 ms are measured 
by the adaptive interferometer which implement with the use of semi-insulating photorefractive CdTe crystal and 
CW light at wavelength 1064 nm generated by Nd:YAG laser. The laser radiation is split into object and reference 
beams in a ratio of 1:5. The object beam is focused by a lens onto the free end of the cantilever. The beam reflected 
from the cantilever, gets in a photorefractive crystal (PRC), where interacts with a reference wave. The interaction 
of the object and reference waves in the PRC provides a transformation of phase changes in reflected wave caused 
by cantilever oscillation into changes of wave intensity which are detected by photoreceiver [Romashko et al. (2014, 
Quantum Electronics)]. 
 









































e m0, f0 - ma
ency of the c





hed to the ca
ilever are redu
9×10-3 ppm. 
etup. 1 – photode























ced by one o
tector; 2 – contin
alf-wave plate; P
t system is  c
ontrol the hum
e in weight a
 divided into 
nges in hum
asured durin
y of the can
3 to 28 meas
e change of c
ion frequency
e in mass of 
 et al. (2014, Q
ncy of the ca
ulated the ch
o et al. (2014
the measurin
up to 2.9 pp
it can be redu























ced by using 
oscillation fre
t change, it is
tude, the sen
er; 3 –cantilever
ctive crystal; f – 
 task of meas
hygrometer T
uence, to a r







r - ǻm, cause
tronics)]: 
ass changes 
 of the cantil
ectronics)], th
ount to 3.9 ×
r, as it sho
cantilever wi
quency meas
 possible to 
sitivity of the
; 4 – pulse laser; 
filters; OW – obj
uring the con
esto AG 635


















M – mirror; S1, 











 of water mo
From the cha
mounted to 1
 using in pres
orresponds t
ashko et al. 
Assuming th
f - and the am
en all three 
asurement sy
 





 on; on the se
ure 2. Oscill
. It has bee




nge of the na

















































t should be no
ge besides c
demy of Scie
uency of the 
t of the oscil




hus, in this p










ted that the 
hanging its m
nces] it is sho
cantilever in
lation freque















wn that the c
 7.6 Hz. In th





re the gas c
 ppm. If all th
 measuremen
 supported by
 Branch of R
ussia Federat
t Stock Com
es in air humidit
 oscillation f
ashko et al. 
hange in temp

























ns of the cant





 frequency of the
the cantilever
in of the Far
C correspond
emperature d
e error in de












 effects of am
 Eastern Bran
s to the chang
rift was 0,6 °
termining the




uced by one o
n Federal Uni
I-ɉ24-08). Th
 Contract ʋ 
and RF Minis
bient tempe
ch of the Ru




 than the stat
e microweig





















 R.V. Romashko et al. /  Physics Procedia  73 ( 2015 )  211 – 215 215
References 
Gupta, S.V., 2012. Nanotechnology for Detection of Small Mass Difference. In Mass Metrology, Springer Berlin Heidelberg, 287-319. 
Johnson, B.N.,  Mutharasan, R., 2012. Biosensing using dynamic-mode cantilever sensors: a review. Biosensors and bioelectronics, 32(1), 1-18. 
Mironenko, A., Modin, E., Sergeev, A., Voznesenskiy, S., Bratskaya, S., 2014. Fabrication and optical properties of chitosan/Ag nanoparticles 
thin film composites. Chemical Engineering Journal, 244, 457-463. 
Raiteri, R., Grattarola, M., Butt, H. J., Skládal, P., 2001. Micromechanical cantilever-based biosensors. Sensors and Actuators B: Chemical, 
79(2), 115-126. 
Romashko, R. V., Efimov, T. A., & Kul'chin, Y. N., 2014. Laser adaptive holographic system for microweighing of nanoobjects. Quantum 
Electronics, 44(3), 269. 
Romashko, R. V., Efimov, T. A., & Kul'chin, Y. N., 2014. Laser adaptive microweighing system for measurement ultrasmall masses. Bulletin of 
the Far Eastern Branch of the Russian Academy of Sciences, 6, 144-147. 
Singamaneni, S., LeMieux, M. C., Lang, H. P., Gerber, C., Lam, Y., Zauscher, S., ... & Tsukruk, V. V., 2008. Bimaterial microcantilevers as a 
hybrid sensing platform. Advanced Materials, 20(4), 653-680. 
Stepanov, S.I., 1991, Adaptive interferometry: a new area of applications of photorefractive crystals, International Trends in Optics Acad. Press, 
125–140. 
